Offspring from multiplex, alcohol-dependent families are at heightened risk for substance use disorders (SUDs) in adolescence and young adulthood. These high-risk offspring have also been shown to have atypical structure and function of brain regions implicated in emotion regulation, social cognition, and reward processing. This study assessed the relationship between amygdala and orbitofrontal cortex (OFC) volumes obtained in adolescence and SUD outcomes in young adulthood among high-risk offspring and low-risk controls. A total of 78 participants (40 high-risk; 38 low-risk) from a longitudinal family study, ages 8-19, underwent magnetic resonance imaging; volumes of the amygdala and OFC were obtained with manual tracing. SUD outcomes were assessed at approximately yearly intervals. Cox regression survival analyses were used to assess the effect of regional brain volumes on SUD outcomes. The ratio of OFC to amygdala volume significantly predicted SUD survival time across the sample; reduction in survival time was seen in those with smaller ratios for both highrisk and low-risk groups. Morphology of prefrontal relative to limbic regions in adolescence prospectively predicts age of onset for substance use disorders.
Introduction
Individuals with a family history of alcohol use disorders (AUDs) are at increased risk for developing substance use disorders (SUDs) (Cloninger et al., 1981; Verhulst et al., 2015) , and offspring from multiplex, alcohol-dependent families are at especially high risk for early onset SUDs (Hill et al., 2008) . Determining the specific genetic mechanisms of familial transmission has been challenging given the multiple clinical subtypes of SUD and variable expression across the lifespan (Hill, 2010) . Accordingly, increased attention has been focused on finding biological variation associated with familial risk that predisposes individuals to increased risk for SUD. Longitudinal studies that follow individuals with a family history of AUD from childhood and adolescence into young adulthood may allow for identification of potential biomarkers that contribute to risk and resilience within at-risk populations (Hill and O'Brien, 2015) .
High-risk offspring with a family history of AUD have been shown to demonstrate atypical structure and function of brain regions involved in executive control, affective regulation, decision making, and social cognition (Cservenka, 2016; Hill and O'Brien, 2015) . Previous research indicates that compared to healthy controls from low-risk families, adolescent and young adult offspring with a family history of AUD show volumetric reductions in the right hemisphere of the orbitofrontal cortex (OFC) (Hill et al., 2010 (Hill et al., , 2009b ) and the amygdala (Benegal et al., 2007; Dager et al., 2015; Hill et al., 2001 Hill et al., , 2013 . These results have been observed in samples where either the majority of cases had not yet developed a substance use disorder (Dager et al., 2015; Hill et al., 2001) , were alcohol-naïve (Benegal et al., 2007) , or the reduction in volume was seen even when cases with substance use disorder were removed (Hill et al., 2013 (Hill et al., , 2009b . Adults with AUD also show volumetric reductions of the OFC and amygdala compared to healthy controls (Durazzo et al., 2011; Makris et al., 2008) , and atypical structure and function of these regions may be one biological mechanism that confers risk for SUDs.
Importantly, atypical morphologies of the orbitofrontal cortex and amygdala during childhood and adolescence have been shown to relate to established risk factors for substance use disorders. Longitudinal family studies, as well as cross-sectional research on healthy adults and children, have demonstrated that reductions in orbitofrontal cortex volume and cortical thickness are associated with higher rates of externalizing behaviors (Ameis et al., 2014) , greater impulsivity (Hill et al., 2009b; Schilling et al., 2013) and impaired decision-making (Hill and O'Brien, 2015) , deficits that are independently associated with increased risk for substance use, abuse, and dependence (Bechara et al., 2001; O'Brien et al., 2014; Verdejo-Garcia et al., 2008) . Amygdala volume has been shown to be significantly correlated with P300 amplitude (Hill et al., 2001 ), a well-established endophenotype of risk for substance use and externalizing behavioral disorders (Hill et al., 2009a;  
